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Summary

1. Figure l{a) of the text shows the vertical section of a snow cover flowing two-
dimensionally down a sloping ground G. The snow cover sticks to ground G so that its bottom
surface does not move. Abbreviation ‘condition B’ will be used for the boundary condi-
tions that components of stress vanish on top surface S, of the snow cover while the flowing
velocity of snow becomes equal to zero at its bottom surface. Coordinates x and z are
respectively placed in the horizontal and vertical directions as shown in the Figure. '

2. In Fig. 1(a), planes AA’ and BB’ divide the snow cover into three parts M, N, and
N.. Let Ty represent the actual stress in snow M, and let Py be imaginary stress that would
be produced by gravity in snow M if it lay alone on ground G with snows N, and N, both dis-
appearing. Stress Py is local in the sense that it is solely determined by the state of the
locally limited ‘snow M’.

3, In case when snow M is longer along ground G than five times its mean thickness A,
let it be divided into the central portion and the two side portions each 2.5k long. The cen-
tral portion shall be colled ‘snow Mc’. The present Paper shows that stress Ty can in snow
Mc be approximated by stress Py which is local as mentioned above.

4. Snow M is subject to three kinds of external force : (1)gravity ; (2)vector components
fi and — £z of stress which are respectively exertetd by snows N; and N; through planes AA’
and BB’ as shown in Fig. 1(b);(3) constraining force of ground G which prevents the bottom
surface of snow M from moving. Let ‘condition B,” be abbreviation for the boundary conditions
that components fi and £ act on planes AA” and BB’ respectively, while abbreviation ‘condi-
tion B,’ shall be used for the boundary conditions that no stress acts on these two planes. -

5. Differential equations of equilibrium are written as Eqs. (1) of the text in which g
and p are acceleration of gravity and density of snow respectively. Stress Ty is given by-
such a solution of Egs. (1) that satisfies condition B and condition B, while stress Py is
given by a solution of the same differential equations that satisfies condition B and condition
B..

6. Equations (2) of the text are differential equations of equilibrium good for animag-
inary case in which the gravity is supposed to have disappeared. Let ‘stress @y’ be such
an imaginary stress given by the solution of Egs. (2) satisfying condition B and condition B,.
It can be seen that stress Ty equals the sum of stress Py and stress Qy, namely

stress Ty = stress Py + stress Qu. (A)

7. Stress Qu decays inward from doth the sides of snow M toward its center. This

decay will conveniently be studied by the use of snow N,. Like stress Ty, the actual stress
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in snow N; can be decomposed, that is , if symbol N, is simplified to N, the equation

stress Ty = stress Py + stress Qx (A7)

holds valid for the case of snow N,.

8. Figure 2(a) of the text shows snow N in the imaginary case of no gravity. Force
— F,, resultant of components — f, of stress giving rise to stress Qy in snow N, acts on its
left side surface AA’. Plane XX’ stands an arbitrary distance away from plane AA”. Let
the snow lying between planes AA’ and XX’ be called ‘snow X’. Vector components fx of
stress on plane XX’ unite themselves into force Fx which acts on snow X as an external force.

9. Figure 2 (b) of the text shows snow N, in such an imaginary case in which ground G
has disappeared together with the gravity. In this case, as Fx must keep balance with —F,,
that is, Fx must equal Fy, and as planes XX’ and AA” are nearly of the same area, fx does
not differ very much from f, in magnitude. This means that the influence of the stress on
side plane AA’ is conveyed without decay inward into snow N, as far as it extends.

10. The bottom surface of snow N, is moving with velocities vs in the case of Fig.
2(b). When ground G comes into presence as in the case of Fig. 2(a), the ground exerts

forces —f; to the bottom surface of snow N, to stop its motion, snow N, becoming stressed
with components f; of stress at its base. Then Fx becomes equal to Fx + Fg, if the resul-
tant of components — f; is denoted dy —F;. Force —F; must work so as to weaken force
— F, by opposing, because components — f;; cancel velocities vg, which components — £, would
hawve raised if;not hindered by the ground.

11. In this way ground G absorbs the influence of components —f,, and this absorption
makes F, + F; less than F, in magnitude. As F,+ F; is equal to FY, it follows that com-
ponents fx are smaller in magnitude than components f,, namely that stress Qy decays inward
in snow N,

12. For the above argument to be used, components of stress on plane AA” need not be
components f, of the actual stress;they can be arbitrary: Thus it can generally be said
that stress of a snow cover is not conveyed far in it because of absorption of its influence
by the ground. .. ' .

13. - The decay of stress will mathematically be considered in snow N, ‘which is simpli-
fied in form and in nature. This snow N, is shown in Fig. 3(a) of the.text; it is a slab of
unifrom thickness h composed of snow which is regarded as a:viscous fluid of very high vis-
cosity 7,,of density p and of plastic Poisson’s ratio' v. . Use will be made of coordinates a’
and 2’ as shown in the same Figure. i

14. If stress function @ is formed by combining linearly four biharmonic functions (3”)
of the text, and if the combination is, so made that components of stress and flowing velocity
of snow derived from ® satisfy condition B fit for snow N, of Fig. 3(a), there result Eq.
(5) and Eqs. (6’) of the text. Equations (6’) show that components of stress decay in pro-
portion to C
exp (— wh-x’/h) B)
The greater wh is in positive;value, the faster the stress decays.

15. Value of wh depends upon that of v and the relationship between the two is given
by Eq.(5) and Fig. 3(c) of the text. OWizumi and Huzioka * © found by measurements
that v of dry compact snow of densities 0.21~0.38g/cm’ lies within the range of 0.10~0.15.
It can be seen from Fig. 3(c) that such values of v give wh values of 1.05~1.10. Disre-
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garding small errors, let wh be put equal to unity, a number convenient to use. Then Ex-
pression (B) has the value of 0.082 for x” equal to 2.5h.

16. When the components of stress decay so much that their magnitude becomes smaller
than one tenth of that which they had on plane AA’, they may practically be neglected. Thus
stress is considered to be absent beyond the spot 2.5k away from plane AA’. Although this
result is obtained for a special stress and for a special form of snow N,, it is assumed to be

applicable generally.

17. Returning to snow M of Article 3, stress Qu originating from components f, and
—f3 is almost vanishing in snow Mc, because it decays in the side portions of snow M, each
of which is 2.5% in length. Thus, by Eq. (A), stress Ty turns out to be nearly equal to
stress Py in snow M as stated in the last sentence of the same Article.

18. Let T4 represent an imaginary stress given by such a solution of Egs. (1) of the
text that satisfies condition B on the top and dottom surfaces of snow M, with no other bound-
ary conditions imposed. Symbols f4 and fi will be used for components of stress which
stress Th produces respectively on side planes AA’ and BB’ of snow M. Then stress T
is, like stress Ty was in Article 6, divided into stress Py and stress @y, stress given by a
solution of Egs. (2) of the text satisfying condition B together with boundary conditions that
components of stress are fi and 3 on planes AA” and BB’ respectively.

19. As stress Q% decays in the side portions of snow M, stress T4 is close to stress
Py in snow Mc. Then stress Ty approximates stress Ty in snow Mc, because stress Ty is
also close to stress Py in the same snow M¢. But stress T3 is not uniquely determined be-
cause of its loose boundary conditions. There can be many of stress Tu and the above

approximation differs in degree from one stress Ty to another.



